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––––––––– 
In this research, we report the synthesis of boron ketoiminate-containing polymers with large 
molecular weights (Mn = 20,000~) and their optical properties examined by UV–vis 
absorption and photoluminescence spectrometries. It was shown that the polymers exhibited 
strong emission both in the solution and solid states (ΦPL,THF = 0.46~0.80, ΦPL,film = 
0.13~0.38). These optical properties can be explained by a donor-acceptor interaction 
between the boron ketoiminate and the electron-donating comonomer such as fluorene or 
bithiophene. Furthermore, in the solid states, their emission colors can be successfully tuned 
from blue to orange by the substituents on the nitrogen atom with the difference of the steric 
hindrance (λPL,THF = 464~546 nm, λPL,film = 486~604 nm).  
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Introduction  
Boron-containing polymers have received a great deal of attention from both academic and 
industrial researchers. Their superior properties such as high charge-carrier mobilities, 
prominent optical properties, high stability and high processability make them key materials 
for the developments of advanced opto and/or electric devices such as organic light emitting 
diodes,1 photovoltaic cells,2 and field effect transistors.3 We and Jӓkle et al. have presented 
the polymers containing boron complexes in polymer main-chains or side-chains.4,5 
Accordingly, it was found that these materials showed high stability, high charge-carrier 
mobilities and strong emission properties as we expected.4,5 
To apply boron-containing polymers for the light-emitting materials, it is necessary to 
establish the color-tuning method by simple modifications. Boron diketonate derivatives are 
known as one of simple and versatile organoboron dyes because of relatively high absorption 
coefficient, fluorescent quantum yield and high photochemical stability.6 Fraser et al. have 
developed prominent fluorescent and room temperature phosphorescence of boron diketonates 
7a,7b and further unique reversible mechanochromic fluorescence of boron avobenzone 
between solid and melt states.7c Previously, we have also reported that boron diketonate 
derivatives and boron diketonates containing polymer showed strong emission in the solution 
states.8 In addition, we have demonstrated that boron ketoiminates which are an analog to 
boron diketonate showed aggregation-induced emission property. We observed their 
photoluminescence (PL) properties in the solid states can be easily modulated by the 
substituents on the nitrogen atom via the change of the molecular stacking structures.9 From 
these results, we presumed that boron ketoiminates could be a promising material as a 
building block of conjugated polymers with strong emission and fine emission tunability in 
the solid-state. However, there is room to clarify the fundamental issues such as the degree of 
the electronic interaction with other functional molecules via the polymer main-chains and the 
influence of the substituents on the electronic structures. Systematic studies on the electronic 
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properties of boron ketoiminate-containing polymers by modulating both of the substituents 
and the comonomers are required to comprehend the intrinsic properties of boron 
ketoiminates-containing polymers. 
In this research, we report the synthesis of boron ketoiminate-containing polymers and the 
fine-tuning of their optical properties. The synthesized polymers exhibited strong emission 
both in the solution and the solid states. Their optical properties were explained by the donor-
acceptor interaction between the boron ketoiminate as an acceptor unit and the electron-
donating comonomer such as fluorene or bithiophene. Furthermore, in the solid states, their 
emission colors can be tuned from blue to orange by the substituent on the nitrogen atom. 
This is the first example, to the best of our knowledge, to offer various colorful materials in 
the wide emission range based on the electronic-structure tuning of the boron ketoiminate-
containing polymers. 
 
Results and Discussion 
As a monomer unit, the diiodo-substituted boron ketoiminates were prepared according to 
Scheme S1 (see supporting information). Polymerizations were accomplished by the 
palladium-catalyzed Suzuki–Miyaura coupling with [9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-
diyl]bisboronic acid (F) or 4,4'-didodecyl-2,2'-bithiophene-5,5'-diboronic acid bis(pinacol) 
ester (T) in the mixture solvent with toluene and water in the presence of 2-
dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) and Pd2(dba)3 (Scheme 1). The 
terminal units of synthesized polymers were capped with p-xylene units. The synthesized 
polymers showed good solubility in common organic solvents such as THF, o-xylene, toluene, 
chloroform and dichloromethane, etc. The size exclusion chromatography (SEC) in THF with 
the polystyrene standards revealed the number-average molecular weight (Mn) and the 
molecular weight distribution (Mw/Mn) of 24,800 and 2.3 for PF-H, 20,400 and 2.0 for PF-
Me, 27,500 and 2.6 for PT-H and 32,900 and 2.2 for PT-Me, respectively (Table 1). The 
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chemical structures of the polymers were confirmed by 1H, 13C and 11B NMR spectroscopy. 
All the purified polymers gave satisfactory spectroscopic data corresponding to their expected 
molecular structures (Figures S1-S6). These observations strongly suggest that the palladium-
catalyzed Suzuki–Miyaura coupling is an effective approach to introduce boron ketoiminates 
into the main-chain of conjugated polymers.  
Initially, the electronic structures at the ground state were examined. The optical properties 
of the synthesized polymers were investigated by DFT calculations (Figure 1).11 UV–vis 
absorption spectra were obtained in THF (c = 1×10–5 M, Figure 2 and Table 2). In UV–vis 
absorption spectra, the polymers showed red-shifted absorption bands assigned as π−π* 
transitions and smaller HOMO–LUMO gaps (PF-H: λabs = 409 nm, ∆E = 2.79 eV, PF-Me: 
λabs = 394 nm, ∆E = 2.84 eV, PT-H: λabs = 426 nm, ∆E = 2.54 eV, PT-Me: λabs = 412 nm, ∆E 
= 2.60 eV) comparing to the parent compounds (M-H: λabs = 409 nm, ∆E = 2.79 eV, M-Me: 
λabs = 394 nm, ∆E = 2.84 eV).12 These results indicate that the π-conjugated systems were 
elongated by introduction of the boron ketoiminates into the polymer main-chains. 
Bithiophene-based polymers (PT-H and PT-Me) showed much red-shifted broad absorptions 
as compared with fluorene-based polymers (PF-H and PF-Me). The absorption behaviors 
imply that bithiophene-based polymers could include a strong donor-acceptor interaction 
between a boron ketoiminate unit and a bithiophene unit having a stronger electron-donating 
property than that with the fluorene unit. The existence of the donor-acceptor interaction can 
be supported by the results from density-functional theory (DFT) calculations (Figure 2). The 
HOMOs of synthesized polymers are localized on a fluorene unit as well as a bithiophene unit, 
while the LUMOs are localized on a boron ketoiminate unit. In addition, the energy levels of 
HOMOs are strongly affected by the comonomer units. These data indicate the boron 
ketoiminate acts as an acceptor in the polymer main-chains. In particular, the localization of 
HOMOs was clearly presented from the model molecules containing fluorene which can work 
as a weak electron donor. It is suggested that boron ketoiminate should play a strong electron 
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acceptor in the conjugation system. The significant substituent effect by introducing a methyl 
group at the nitrogen atom was slightly observed according to Figure S8. In summary, it is 
proposed that the electronic states of the polymers should be strongly affected by the donor-
acceptor interaction between the boron ketoiminate and the comonomer units. 
The PL spectra of the synthesized polymers in THF (c = 1×10–5 M) were measured with the 
excitation light at each absorption maximum (Figure 3a and Table 2). The polymers showed 
emissions with a single broad peak. The peak positions of the PL maxima (λPL) showed good 
correlation with the order of their ∆E values. The bithiophene containing polymers exhibited 
red-shifted yellow emission comparing to the fluorene containing polymers (PF-H: λPL = 464 
nm, PF-Me: λPL = 464 nm, PT-H: λPL = 546 nm, PT-Me: λPL = 533 nm). In contrast, the 
difference of the substituent on the nitrogen atom hardly affected the emission wavelength. 
This fact corresponds to the results from the DFT calculation. 
In the solid states, the emissions of the polymers were obtained in longer wavelength 
regions than those in THF (Figures 3b). These data can be explained as a strong 
intermolecular interaction. Especially, PF-H and PT-H showed large shifts. These changes 
would be originated from smaller steric-hindrance of the hydrogen atom, which induces 
strong intermolecular interaction in the solid state, in comparison with the methyl group. As a 
result, in the solid state, the emission color of the polymers can be vividly varied from blue to 
orange by changing the comonomer and the substituent on the nitrogen atom. 
Interestingly, the boron ketoiminate-containing polymers showed strong emission both in 
solution (in THF, c = 1×10–5 M, ΦPL,THF = 0.46~0.80) and film states (ΦPL,film = 0.13~0.38) 
although the small molecule of the boron ketoiminate derivatives hardly exhibited emissions 
in the solution states.9,13 Therefore, these results suggest that a non-radiative deactivation 
caused by boron ketoiminate units should be suppressed by introduction of boron 
ketoiminates into the polymer main-chains. 
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Conclusions 
We have demonstrated the effect of a polymerization and a substituent of nitrogen atom on 
the optical properties of the ketoimine-containing organoboron polymers. It was observed that 
the polymers exhibited strong emission both in the solution and the film states (ΦPL,THF = 
0.46~0.80, ΦPL,film = 0.13~0.38) originated from the introduction of the boron ketoiminates 
into the polymer main-chains. The optical properties can be explained by a donor-acceptor 
interaction with the boron ketoiminate as an acceptor. Moreover, the emission colors were 
significantly varied from blue to orange in the film states by changing the substituents 
because of the difference of intermolecular interactions in the condensed states. These 
findings would expand the applicability of boron ketoiminates as a useful building block to 
prepare a solid-state fluorescent polymer with a fine-tuning ability of optical properties. 
 
Supporting Information 
Supporting Information is available from the Wiley Online Library or from the author. 
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Figure 1. Structures and molecular orbital diagrams for the LUMO and HOMO of (a) PF-H' 





Figure 2. UV–vis absorption spectra of the synthesized polymers in THF (c = 1×10–5 M). 
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Figure 3. PL spectra of the synthesized polymers in (a) THF (c = 1×10–5 M) and (b) the film 
state upon the excitation at each absorption maximum. Photographs of the synthesized 




Table 1. Polymerization results a 
 Mn Mw Mw/Mn n b Yield (%) c 
PF-H 24,800 57,000 2.3 38 74 
PF-Me 20,400 40,800 2.0 30 91 
PT-H 27,500 71,500 2.6 36 82 
PT-Me 32,900 72.400 2.2 42 90 
 
a) Estimated by SEC with the polystyrene standards in THF. b) Average number of repeating 





Table 2. Optical properties a,b 
 λabs c (nm) ∆E d (eV) λPL (nm) λPL,film e (nm) ΦPL ΦPL,film e 
PF-H 409 2.79 464 514 0.80 0.38 
PF-Me 394 2.84 464 486 0.46 0.16 
PT-H 426 2.54 546 604 0.49 0.13 
PT-Me 412 2.60 533 556 0.47 0.22 
 
a) The PL spectra were measured upon the excitation at each λabs. b) The emission quantum 
yields were determined as an absolute value. c) Measured in THF (c = 1.0 ×10–5 mol/L). d) 
Calculated from the onset wavelength of the corresponding UV–vis absorption spectra in THF. 
e) Measured with the cast films from the solutions of synthesized compounds in THF on 
quartz plates. 
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Boron ketoiminate-containing polymers were synthesized by Suzuki–Miyaura coupling, and 
their optical properties were examined by UV–vis absorption and photoluminescence 
spectrometries. The polymers exhibited strong emission both in the solution and solid states, 
and their emission colors were successively tuned from blue to orange by changing the 
substituents on the nitrogen atom and the comonomer units. 
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